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BLAST WAVE EFFECTS
SHORT DISTANCES

by

AT

Allen L. Bowman and Edward S. Idar

ABSTRACT

The peak shock overpressures for a blast wave have been calculated

by several methods, and the results have been verified by a large number

of experimental measurements. The use of the standard overpressure

curve, however, may lead to serious underestimation of blast wave effects

at very short distances (probably at scaled distances of less than one

meter) . We have calculated the blast wave from a detonating sphere of

exploslve using the one-dimensional reactive hydrodynamics code HYDROX,

and have obtained good agreement with the standard curve. To describe

the Interaction of the blast wave with a flat plate, the calculation was

also done with the two-dimensional code 2DE (with a much coarser mesh).

The air shock matches Into the plate at the predicted pressure, but a

second, stronger shock is then produced by the arrival of the detonation

products. The strength of the second shock decays more rapidly with

distance than the First (aJr) shock. This effect has been vcrifled

experimentally.

—.... ..-. .— - _ ___

The ~eak ovcrpressurcs for an explosively driven bl~st wave have

been calculated by several methods, and the results have bCQII thoroughly

verified by a Iargc number of experimental measurements.’ A ~tandard

curve of peak ovc!rprcssurc ratlo vs scaled dlstancc dcscrlbc$ these data

very w(?II and can hc used with confidence for predlctlnq bl,lr;lw,~vc

effcct~, [?XCOI)I,ItIhc very short distances that IIrv II}(!‘illl)j(’(:1 or ltll$

work,
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We modeled the detonation of a 3.096 kg ~phere of PBX 9501’ using

the reactive hydrodynamic codes, H’fDROX2 and 2DE3, with Forest Fire
4

react!on rates. The PBX-9501 was In\t\ated by a hot-spot at the center

of the sphere. The blast wave was then followed through air that was

modeled with the BKW equation of state.
5 The one-dimensional spherical

HYDROX calculations were run to 0.67 m (26 in.) II) air and were run Into

aluminum plates (spher~cal) at 0.1524 m (6 in.) and 0.3043 m (12 In.)

from the center of the donor sphere. The 2DE cylindrical calculations

were run with a rigid wall (reflective boundary) at the same distances in

order to model the interaction of the spher:cal blast wave with a flat

plate. The sphere has a radius of 73.878 mm (2.91 In.), so these

distances are approximately 2- and 4-charge radii.

Figure 1 shows the results of the calculations performed with

HYDROX. The two data points from the 2DE calculation Illustrate the

agreement between the two methods. The detonation runs through the

sphere of exploslve at a veloclty of 8.7 mm/ps, send!ng a shock Into the

a!r at an Inlt!al velocity of greater than 8 mm/ps, decaying to 4.4 mm/us

after 50 ps of run time. The detonation products maintain a sharp

Interface with the air In this model, and the Interface region is pulled

to a vacuum as the air silock separates from the interface. The behavlur

of the air shock dnd the air/detonation products intel-f-acc is silown in

Figs. 2 and 3. The air shock pressure at 0.16 m (6,3 in.) is about 46

MPa (6,8 kpsi), d,ld tile pressure in the center of the product< IS 8,0 GPa

(1180 kpS\). At 0.31 m (12.2 in.), the alr shock pressure has dropped to

23 MPa (3.4 kpsi) and the pressure peak In the products has moved away

from the center and dropped to 70 btPa (10.3 kpsl), The pc~k pressure In

the products IS 3 MPa lCSS than the alr shock pressure when t,hc air shock

expands to 0,405 m (16 in.), and It contlnes to decay, Ihc r2sollJtion

.— ———
*I)BX 9SOI ‘is colfiposcd of 957. iiMX bonded with [stane and [l[)NPA/Bl)Nl}!”, with
a density of” 1.H33 mq/uun3 (Ref. 6). It Is s!milaI (() iX 14, which has ~
TNT cqulvalun(:e 01” - ioll..l



. .

/

AIR

~

/“

SHOCK

DETONATION
PRODUCTS

/
/’

2DE / /’

CALCULATION

BLAST WAVE
CALCULATION
PBX 9501 DONOR

* DONORSURFACE 3.1 kg SPHERE

—~-~ - i- –-1 I I 1

0 10 2C 30 40 50 60 70

TIME @)

fig, 1. x-t diagram for tt, c dctf]rl,~t ion of A 3. I kg sphere of PBX 9501

from the 2D[ calculation (2 mm cull,) ij too coar~e to show clearly the

5Pf)drdt!OfI between the a!r ~hock dnd Ihp pl”oduct~, In contrast to thu

0, I.mm cells In the dir shock r(!r~i~~ll of ttlv UY[)liOX calculation.

I l(_jU1.0 4 ‘,how; tlll~ rjl!r,lf ,,1 !:II ,I;I F,)I,)I\ pII!.,I,Ijl-p, rllv 1“(!’,111 I ‘,

Irf)tll IIY[)ROX and 7[)[ cdlrlllflt lIJfI”, it *I fIIIjfl(j Ifj l)Iy In r’(!a;cjrl,lhlp ,lfJI’I~I~lHIIIIl

wi I.h the Vd[ups ~l)[~ll)erj frf)nl 1111, .,l,lr~(j,ll(j rljl,vp,
I
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Fig. 4. Peak ovcrpres~ure of the air shock as a function of distance.

Fiqures 5 and 6 show the interaction of the blast wave with a rigid

wall. According to HYDROX calculations, the air shock sends a 0.~2 GPa

(62 kpsi) shock into an aluminum piate at 0.152 m (6 in.) and a 0.20 GPa

(29 kpsl) shock at 0.305 m (I2 in.). The detonation products increase

the pressure at the wall to 2,06 GPa (303 kpsi) at 0.i52 m (6 in.) and to

0.23 GPa (34 kpsi) at O

Ioadlng to be the major

distances. This study

products decays rap!dly

305 m (I2 in). We consider this second shock

source of blast wave damage at very short

ndlcatcs thdt the effect of the drtonatlon

with d!stance, I]ccominq neqilqiblp .at a distance

OF approximdtciy !icharqc radii, The ~’ffect of Ihc deton(lt ion productt

At very fllolt dl~t.llncct h,ls hccrl dc~crik,ed prcvlrmsly ill A cornbincd

ex[)erimcntdl/nk)delin(] study of” thu ~ymp,ithctic dcton~tlun of b,]rc
I

cxplos!ve charqcs.
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5. Pressure vs time at a rlgld wall 0.152 m (6 in.) from the
center of a 3.1 kg sphere of PBX 9501.
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